We present the analysis of photometric and spectroscopic data of two classical Cepheids, FN Aquilae and V1344 Aquilae. Based on the joint treatment of the new and earlier radial velocity data, both Galactic Cepheids have been found to be a member in a spectroscopic binary system.
INTRODUCTION
Classical Cepheid variable stars are well known primary distance indicators owing to the famous period-luminosity (P -L) relationship. Companions to Cepheids may complicate and at the same time facilitate the applicability of using the P -L relationship for distance determination. On the one hand, the photometric contribution of the secondary star has to be taken into account when determining the brightness and colours of the Cepheid component in optical photometric bands, otherwise the companion may falsify the luminosity value determined for the Cepheid (Szabados & Klagyivik 2012) . On the other hand, Cepheids in binary systems serve as reliable calibrators of the P -L relationship (Evans 1992) . The frequency of binaries among bright Cepheids exceeds 50%, while among the fainter ones an observational selection effect encumbers revealing binarity (Szabados 2003b ).
In the case of pulsating variables, like Cepheids, spectroscopic binarity (SB) manifests itself in a periodic variation of the γ-velocity (i.e. the radial velocity, RV, of the mass centre of the Cepheid). In practice, the orbital RV variation of the Cepheid component is superimposed on the pulsational RV variations. An unrevealed orbital motion increases the scatter of the pulsational RV curve, and has an adverse effect on estimating the distance (therefore on the calibration of the P -L relationship) via the use of the Baade-Wesselink method.
The orbital period of binaries involving a supergiant Cepheid component cannot be shorter than about a year. SBs involving a Cepheid component with orbital periods longer than a decade are also known (see the on-line data base on binaries among Galactic Cepheids: http://www.konkoly.hu/CEP/orbit.html). Therefore, a first epoch RV curve, especially based on data obtained in a single observational season, is usually insufficient for pointing out an orbital effect superimposed on the RV changes due to pulsation.
In this paper we point out SB of two bright Galactic Cepheids, FN Aquilae (FN Aql) and V1344 Aquilae (V1344 Aql) by analysing RV data. Basic information on these Cepheids is found in Table 1 . The new RV data and the observational circumstances are described in Section 2, then Sections 3 and 4 are devoted to the results on each new SB Cepheid, while Section 5 contains our conclusions.
NEW RADIAL VELOCITIES
Both Cepheids were observed among the targets of a RV survey of Galactic classical Cepheids initiated in 2012, using the 0.5 m RC telescope of ELTE Gothard Astrophysical Observatory, Szombathely and the 1 m RCC telescope of Piszkéstető Mountain Station of the Konkoly Observatory of the Research Centre for Astronomy and Earth Sciences of the Hungarian Academy of Sci- ences. The spectrograph was the same fibre-fed instrument at both locations, the eShel system of the French Shelyak Instruments (Thizy & Cochard 2011) . The detailed description of the instrument, methods and the observing programme is given in Csák et al. (2014) . The exposure times were typically 900 sec, the observing sequence was ThAr-object-object-ThAr. In most cases two consecutive spectra were recorded, which were averaged at the end of reduction process.
All spectra were reduced with standard tasks in IRAF 1 , including bias, dark and flat-field corrections, aperture extraction, wavelength calibration, and continuum normalization. We checked the consistency of wavelength calibrations via RV standard star observations, which proved the stability of the system. RV values were determined by cross-correlating object spectra and R = 11500 synthetic spectra chosen from the Munari et al. (2005) library using the FXCOR task of IRAF. Correlations were calculated between 4870 and 6550Å, excluding Balmer lines, NaD and telluric regions.
Barycentric Julian dates and velocity corrections for midexposures were calculated using the BARCOR code of Hrudková (2006) . This method resulted in a 100-200 m s −1 uncertainty in the individual RV values, while further tests have shown that our absolute velocity frame was stable to within ±200-300 m s −1 . The individual RV values are listed in Tables 2 and 3 , respectively.
RESULTS FOR FN AQUILAE

Accurate value of the pulsation period
Variability of FN Aql was discovered by Cerasskaya in 1929 (Blažko 1929) . The Cepheid nature of the brightness variations and the pulsation period of about 9.5 d was established by Lause (Prager 1931) . Cepheids pulsating with such a period have moderate amplitudes and a bump near the phase of maximum brightness, and their oscillation corresponds to the fundamental mode.
To separate the orbital and pulsational effects in the RV variations, knowledge of the accurate value of the pulsation period is essential, especially when comparing RV data obtained at widely differing epochs. Use of the accurate pulsation period obtained from the photometric data is a guarantee for the correct phase matching of the (usually less precise) RV data. Therefore, the pulsation period and its variations have been determined with the method of the O − C diagram (Sterken 2005 Table 4 . The pulsation period is subjected to a secular decrease.
account in the present study of the pulsation period. Photoelectric data have been available from the 1950s. In the case of Cepheids pulsating with such a low amplitude, the O − C diagram constructed for the median brightness is more reliable than that based on the moments of photometric maxima (Derekas et al. 2012 ). Therefore we determined the accurate value of the pulsation period by constructing an O − C diagram for the moments of median brightness (the mid-point between the faintest and the brightest states) on the ascending branch of light curve since it is this phase when the brightness variations are steepest during the whole pulsational cycle.
All published photoelectric and CCD photometric observations of FN Aql covering more than 60 years were analysed in a homogeneous manner to determine seasonal moments of the chosen light-curve feature.
The relevant data listed in Table 4 are as follows. Column 1: heliocentric moment of the median brightness on the ascending branch; Col. 2: epoch number, E, as calculated from equation (1):
(this ephemeris has been obtained by the weighted least-squares fit to the tabulated O − C differences, where E = 0 is selected arbitrarily and corresponds to the most reliable subset of data); Col. 3: the corresponding O − C value as calculated from the constant and linear terms of equation (1); Col. 4: weight assigned to the O − C value (1, 2, or 3 depending on the quality of the light curve leading to the given difference); Col. 5: reference to the origin of data. The plot of O − C values shown in Fig. 1 can be fitted with a parabola implying a minute decrease (−0.3175 s yr −1 ) in the pulsation period. Previous studies of period variations of FN Aql are also available in the literature. Szabados (1988) approximated the O−C graph with a constant period and a light-time effect superimposed on it (see Sect. 3.2), while Berdnikov & Pastukhova (1994) found a slightly increasing pulsation period. On the contrary, Turner (1998) included FN Aql in the table of Cepheids with decreasing period. The value quoted by Turner was taken from the unpublished study carried out by Duncan (1991) , and this value is smaller by 10% than the period shortening derived in this paper. Barnes et al. (1988) , and Joy's (1937) data are marked as black squares. The RV data have been folded on the pulsation period of 9.481528 d, and the phase shifts due to the parabolic O − C graph (see Fig. 1 ) have been applied for. 
Binarity of FN Aql
A companion can have an observable effect on the colour, amplitude and other phenomenological properties of a Cepheid (Szabados 2003a) , even if the two stars are not physically bound and only form optical pairs. Based on their multicolour photometry, Dean (1977) and Pel (1978) suspected a blue companion but two other efficiently used photometric criteria did not indicate any hot companion (Madore 1977; Madore & Fernie 1980 ). Based on a UV spectrum obtained with the IUE satellite, Evans et al. (1990) excluded the presence of a companion hotter than A1V. Another piece of evidence of binarity is the light-time effect in the O−C diagram of a pulsating variable. Though Szabados (1988) suspected the presence of a light-time effect in the O − C diagram of FN Aql, no wave-like pattern is discernible in the updated O −C diagram in Fig. 1 . The suspected light-time effect was mainly due to the inclusion of less reliable photographic data in the analysis of the pulsation period by Szabados (1988) .
Nevertheless, there are some peculiarities in the behaviour of FN Aql. On the one hand, Usenko et al. (2001) found a strong carbon deficit and a minor nitrogen overabundance in the spectrum of FN Aql which cannot be explained by the canonical models of stellar evolution. On the other hand, Hurley et al. (2008) pointed out peculiar photometric properties of FN Aql originally observed in the U − B versus B − V diagnostic plane. They explained the correlations between the various colour indices in terms of temporal variations in the circumstellar dust extinction. Fluctuations in the observable stellar wind can be a consequence of the orbital motion in a binary system.
In addition to our own observations, RV data of FN Aql are available from the following sources: Joy (1937), Barnes et al. (1988) , Gorynya et al. (1998) , and Barnes et al. (2005) . Using the accurate pulsation period determined from the O − C diagram (equation 1) and applying the proper phase correction (corresponding to the parabolic O − C graph), the resulting RV phase diagram is shown in Fig. 2 . Phase zero is arbitrarily chosen at JD 2 400 000. The meaning of the different symbols is explained in Fig. 2 . It is seen that Joy's data are systematically more negative than the more recent RV measurements. Though the seminal paper by Joy (1937) reflects the observational technique and precision of the 1930s, and his method of deriving the RV value might be different from ours, Joy's data are free from any systematic errors in spite of their limited accuracy as documented by Szabados (1996) .
The γ-velocities derived from four individual series of RV observations are listed in Table 5 where the standard error of the γ-velocity and the number of the data in the given series (N ) is also listed. These data are also plotted in Fig. 3 . It is clear that slight variations in the γ-velocity continued in the last two decades and the pattern of data in the diagram implies an orbital period of several decades for this SB system.
RESULTS FOR V134AQUILAE
Accurate value of the pulsation period
V1344 Aql pulsates in the first overtone mode, therefore it has a small pulsational amplitude and nearly sinusoidal light and velocity curves. The brightness variability of V1344 Aql was revealed by Kovacs & Szabados (1979) . Curiously enough, this star was originally chosen as the check star for the photoelectric observations of the Cepheid FN Aql, in view of their similar brightness and colour, as well as angular proximity.
All published optical photometric observations of V1344 Aql covering 40 years were analysed in a homogeneous manner to determine seasonal moments of the median brightness on the ascending branch of the light curve, similarly to the case of FN Aql. The O − C diagram has been constructed from the V -band data (or nearest to this visual band).
The relevant data for constructing the O − C graph are listed in Table 6 whose structure is similar to Table 4 . The ephemeris of the O − C residuals is:
C med = 2 450 312.6665 + 7.476 744×E + 0.90 × 10 −7 E 2 (2) ± 0.0106 ± 0.000 017 ± 0.32 × 10 −7 E 2 as obtained from the second-order least-squares fit to the heliocentric moments of the median brightness on the ascending branch. The tabulated O − C residuals have been obtained by using the constant and linear terms of equation (2). The plot of O −C values shown in Fig. 4 can be approximated with a parabola implying a minute increase in the pulsation period.
Binarity of V1344 Aquilae
Due to the belated discovery of brightness variability in V1344 Aql, this Cepheid has not been on the target list of most of the projects aimed at revealing companions to Cepheids from photometric data. Table 6 . The pattern of the graph indicates that the pulsation period of V1344 Aql has been continuously increasing.
The wavelength dependence of the photometric amplitudes studied by Klagyivik & Szabados (2009) , however, hints at the presence of a red companion. RV data have been available from two consecutive years: from 1980 by Balona (1981) and from 1981 by Arellano Ferro (1984) . Additional spectroscopy of V1344 Aql was performed by Luck & Lambert (2011) nual mean velocity. (When constructing the phase curve from these data, it became obvious that there might be a misprint in the list of Arellano Ferro's data: instead of −14.31 km s −1 , the correct value should be +4.31 km s −1 at JD 2 444 829.762.) Supplemented with our new data, the merged phase diagram of all RV observations is plotted in Fig. 5 . In order to reach correct phasing of data obtained in widely different epochs, the RV data have been folded on the pulsation period given in the ephemeris in equation (2). The zero phase has been arbitrarily chosen at JD 2 400 000. The data in Fig. 5 clearly show a vertical shift between the mean RV values exceeding 2 km s −1 within one year, referring to the membership of V1344 Aql in a SB system. Table 7 summarizes the pulsation averaged mean RV values. Variability in the γ-velocity is visualized in Fig. 6 . The pattern of the data points in this figure implies an orbital period of several hundred days which is rather short among the SB Cepheids. 
CONCLUSIONS
We pointed out that the classical Cepheids FN Aql and V1344 Aql have a variable γ-velocity which implies their membership in SB systems. The available RV data are insufficient to determine the orbital period and other elements of the orbit. However, the temporal variations in the γ-velocity indicate an orbital period as long as several decades for the FN Aql system and a rather short orbital period for the SB system involving V1344 Aql. The value of the orbital period for SB systems with a Cepheid component is often unknown: according to the on-line data base (Szabados 2003b ) the orbital period has been determined for about 20% of the known SB Cepheids. For most of them, the known orbital period exceeds a thousand days.
Our finding confirms the previous statement by Szabados (2003b) about the high percentage of binaries among classical Cepheids and the observational selection effect hindering the discovery of new cases. Moreover, another statistical bias is apparent from the list of Galactic Cepheids known in binary systems consisting of 165 items: only 40% of the Cepheids have a positive declination, indicating that the northern sky has not been investigated satisfactorily.
Regular monitoring of the radial velocities of a large number of Cepheids will be instrumental in finding more long-period spectroscopic binaries among Cepheids. RV data to be obtained with the Gaia astrometric space probe (launched on 19 Dec 2013) will certainly result in revealing many new spectroscopic binaries among Cepheids brighter than 13-14 mag.
In principle, the orbital motion gives rise to a light-time effect in the O − C diagram of pulsating stars. In our case, however, its amplitude is either too small (for V1344 Aql, the effect is of the order of a thousandth of a day), or it cannot be revealed yet because of the length of the orbital period (several decades in the case of FN Aql). Both Cepheids show secular variations in the pulsation period (see the O − C diagrams in Figs 1 and 4, respectively) . In addition to these changes of evolutionary origin, the recently discovered period jitter in classical Cepheids (Derekas et al. 2012) is also against revealing a very low amplitude light-time effect in the O − C diagrams of Cepheids.
